other polarized beams, *hich are polanzed in a different 
direction, in a process Jf converting randomly polanzed 
beams emitted from a likht source into the same type of 
polarized beams. I 

In order to solve the ajjove problems, a polarizing con- 
version device in accordance with the present invention 
comprises a polarizing separation element that has a polar- 
izing separation plane for separating P and S polanzed 
beams by transmitting one of the polarized beams there- 
through and reflecting lit other polarized beam, and a 
reflecting plane disposed substantially parallel with the 
polarizing separation pla$e to reflect the polanzed beam 
reflected by the polariz&g separation plane toward the 
emergent direction of &<= polarized beam transmitted 
through the polarizing separation plane, and a selective i- 
phase plate located on thellight emergent side of the polar- 
izing separation element fit align the polarization direction 
of one of the S and P polarized beams separated by the 
polarizing separation elemlnt with the polarization direction 
of the other polarized beam, wherein at least one of a 
shading means and an optical attenuating means for pre- 
venting light from direct^ entering the reflecting plane is 
provided on the light indgent side of the polarizing sepa- 
ration element. I 

The above structure enables the polarizing conversion • 
device of the present invention to effectively prevent or 
restrict a phenomenon id which other polanzed beams 
polarized in a differentffir^pn mix into polanzed beams of 
almost the same typi placed in the same direction. 
Therefore, it is possible\to jenerW specific polanzed beams 
with an extremely highHffi cienc y- 

In the above-mentioned polarizing conversion device, it is 
preferable that the shadingfmeans or the optical attenuating 
means and the polarizing separation element are integrated. 
It is therefore possible to r&uce light losses at an interface, 
and to thereby provide a polarizing conversion device hav- 
ing a high light use efficiency. 

The shading means maylbe formed of a reflecting plate. 
When the shading means is formed of a reflecting plate, it 
does not absorb much lighted therefore, does not generate 
much heat. Consequently, it|s possible to prevent penphera 
optical elements from bein'g thermally influenced by heat 
generation of the shading Aeans. This is effective particu- 
larly when the selective ph'ase plate is made of an organic 
substance that is not heat-r&istant. 

Furthermore, when the shading means and the polarizing 
separation element are integrated, the shading means may be 
formed of a reflecting film that is formed on the light 
incident surface of the pola&zing separation element. Such 
a structure also provides lsimilar advantages as those 
achieved in the situation wherein the shading means is 
formed of a reflecting plate. The reflecting film may be 
formed of a dielectric multilayer film, or a thin film of metal 
having high reflectivity, such as silver or aluminum. 

Still furthermore, the optical attenuating means in the 
polarizing conversion device may be formed of a light 
diffusing plate. When the [optical attenuating means is 
formed of a light diffusing pbte, it is possible to reduce the 
cost of the polarizing conversion device. 

When the shading meansland the polarizing separation 
element are integrated, the optical attenuating means may be 
formed of a light diffusing surface formed on the light 
incident surface of the polarizing separation element. Such 
a structure also provides Jsimilar advantages as those 
achieved in the situation ^herein the optical attenuating 
means is formed of a light diffusing plate. The light diffusing 


surface may be formed by toughening a specific region on 
theligbt incident surface c E the polanzing separation ele- 


1 A polarizing illuminatior! device in accordance with the 
present invention comprise} a light source a Jtat_ optica 
element for separating a li|ht beam emitted from the light 
source into a plurality of intermediate beams and a second 
optical element disposed nlar the position where the inter- 
mediate beams converge, jherein the second ^ de- 
ment has a condenser lens array that mcludes a plurality of 
condenser lenses for respectively condensing the .nterme- 
diate beams, a polarizing Separation element for spatially 
separating each of the intermediate beams into an S polar- 
ized beam and a P polarized Beam, a selective phase plate for 
aliening the polarization direction of one of the S and P 
5 polarized beams separatedlby the polarizing separation 
element with the polarizatior? direction of the other polarized 
beam and a superimposing lens for supenmposing the 
polarized beams, the polarfeing separation element has a 
polarizing separation planej for separating the P and S 
0 polarized beams by transmifing one of the polanzed beams 
therethrough and reflecting pie other polanzed beam and a 
reflecting plane disposed substantially parallel with the 
polarizing separation planelto reflect the polanzed beam 
reflected by the polarizing! separation plane toward the 
15 emergent direction ofTtfci polarized beam transmitted 
through the polarizing/sepaKtion plane, and at least one of 
a shading means anl an fptical attenuating means for 
preventing each of th\^ejmediate beams from directly 
entering the reflecting placets Verposed between the first-* 
30 optical element and the polarizing separation element. 

By adopting the above structure, the polarizing illumina- 
tion device in accordance tfith the present invention can 
effectively prevent or restrict phenomenon m which other 
« polarized beams polarized irSa different direction mix into 
35 polarized beams of almost "fie same type polarized in the 
same direction. Therefore, itSs possible to obtain as illumi- 
nation light polarized beams with a considerably high degree 
of polarization. I 
„„ According to the above structure, an incident beam is 
initially separated into a plurality of intermediate beams and 
the intermediate beams are {finally superimposed on one 
nomination region. Therefore, even if the intensity distri- 
bution of the incident beam is very unbalanced m the cross 
« section thereof, it is possibll to use as illumination light 
polarized beams that are uniform in bnghtness and color. 
Furthermore, even when each of the intermediate beams 
cannot be separated into a [P polarized beam and an S 
polarized beam that have equal light intensity and spectral 
50 characteristics, and even wh|n the light intensity and the 
spectral characteristics of Sne of the polarized beams 
changes in a process of aligning the polarization directions 
of thi polarized beams, it is possible to use as illumination 
light polarized beams that afe uniform in bnghtness and 

" addition, a plurality of polarized beams brought into 
almost one type of polarization state are gathered as a whole, 
superimposed on one illumination region, and form a arge 
bundle of beams. Since the [polarized beams of this large 
60 bundle of beams themselves do not accompany a beam 
component that has a large §ivergence angle, illumination 
with these light beams secures a high illumination efficiency. 

The light source may include a light source lamp and a 
reflector. A metal halide lamp, a xenon lamp, a halogen 
65 lamp, and similar devices m'ay be used as foe light source 
lamp, and a parabolic reflector, an elliptic reflector, a sphen- 
cal reflector, and similar devices may be used as the reflector. 
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In the above polarizing llumination device, the shading 
means or the optical Menu ting means may be placed at any 
position between the polar zing separation element and Uk 
first optical element. How. ver, if the shading means or the 
optical attenuating means s integrated with the polarizing 
separation element, it is P c stole to reduce light loss at the 
interface and to thereby p ovide a polarizing illumination 
device having a high light use efficiency. Furthermore, toe 
second optical element c n be formed in one piece by 
integrating the shading n : ans or the optical attenuating 
means and the polarizing separation element, and in that 
situation, the second optic al element can be made to be 
considerably compact. 

The shading means or th : optical attenuating means may 
be integrated with the conlenser lens array. This prov.des 
similar advantages to thos| of the situation in which the 
shading means or the opticaj attenuating means * integrated 
with the polarizing separation element. Furthermore, inttas 
situation, when the condenser lens array integrated wub the 
shading means or the optical attenuating means « placed 
spatially apart from other optical elements to form the 
second optical element (forUxample, the polanzmg separa- 
tion element and the selective phase plate), even if the 
shading means or the optifal attenuating means generates 
heat due to light absorption! t is possib e to prevent to other 
optical elements from bJnjShermally influenced by the heat 
generation. ( R 

• ■ v a *\mination device, the shading 
\reflecting plate. When the 
a reflecting plate, it does 


In the above polarizi 
means may be formed 
shading means is formed 
absorb much light, and 
heat, Consequently, it u> i 
optical elements from beinj 
generation of the shading r| 
larly when the selective phj 
substance that has small heal 
shading means is formed of! 
by the reflecting plate is all< 


:fore, does not generate much 
issible to prevent peripheral 
thermally influenced by heat 
ians. This is effective particu- 
;e plate is made of an organic 
resistance. Moreover, when the 
i reflecting plate, light reflected 
bv the reflecting piaie is a.^wed to return to the light source 
once, to be reta&d again b| the reflector at the lightsource, 
and to enter the polarizing separation element again 
— - ?>-i- - -fe-ctively use the light from the 


Therefore, it is possible 
light source without waste. 

Furthermore, when the si 
the polarizing conversion 
array, the shading means m 
that is formed on the light i 
separation element 


ading means is integrated with 
[evice and the condenser lens 
y be formed of a reflecting film 
cident surface of the polarizing 
separation element or me flight emergent surface of the 
condenser lens array. Such 1 structure also provides similar 
advantages to those of tbelituation in which the shadmg 
means is formed of a reflecting plate. The reflecting film may 
be formed of a dielectric rAltilayer film, or a thin film of 
metal having high reflectivi|y, such as silver or aluminum. 

In the above polarizing illumination device, the optical 
attenuating means may be farmed of a light diffusing : P^te. 
When the optical attenuating means is formed of a hgbt 
diffusing plate, it is possible)© achieve cost reduction of the 
polarizing illumination device. 

When the optical attenuating means is integrated with the 
polarizing conversion devicl or the condenser lens array it 
may be formed of a tight diffusing surface formed on the 
hght incident surface of the polarizing separation elemen or 
the light emergent surface of the condenser lens array. Such 
a structure also provides similar advantages as those 
actneved in the sirutation iL which the optical attenuating 
means is formed of a light diffusing plate, and the situation 
in which the optical diffusing plate is integrated with the 


polarizing separation eledent or the condenser lens array 
The Ught difmsing surface may be formed by rougbeninp a 
specific region on the light incident surface of the polarizing 
Ration element or thi light emergent surface of the 

, condenser lens array. , . 

A display apparatus in a =cordance with the present inven- 
tion comprises a light scirce, a first optical element for 
separating a tight beam emitted from the light source into a 
pSfof intennediateleams, a second optica elemen 
located near the positiot where the intermediate beams 
10 Serge and a modulati ig device for modulating a Ugh, 
beam emitted from the second optical element, wherein the 
second optical element Sas a condenser lens array that 
includes a plurality of clndenser leases for respecuvely 
condensing me intermedi; te beams, a polarizing separation 
15 element for spatially separating each of the intermediate 
beams into an S polarized] beam and a P polarized beam, a 
selective phase plate for iligning the polarization direction 
of one of the S and P polarized beams separated by the 
„„ polarizing separation element with the polarization direcuon 
20 of the other polarized belm, and a superimposing lens for 
superimposing the polariled beams, the polanzmg separa 
lion element has a polariz ag separation plane for separating 
the P and S polarizedb ; ams by transmitting one of the 
„ polarized beanVs there^ggh and reflecting the other polaP 
15 Led beam and airefle^ng plane disposed substantial* 
parallel with the P UarS|g separation plane to reflect the 
polarized beam reffcetCd $y the polarizing .separation plane 
foward the emergent direpon of the polarized beam trus, 
„ mitted through the polarising separation plane, and at least 
30 one of a shading means aid an optical attenuating means for 
printing each of theluermediate beams from directly 
entering the reflecting plfne is interposed between the first 
optical element and the pjolarizing separation element. 
« By adopting the abovektructure, the display apparatus in 
35 accordance with the preset invention can ^P»- 
vent a phenomenon in which other polarized beams polar- 
ized in a different direct P^anzed beams of 
almost the same type folarized in the same direction 
Therefore, when a polarizing plate is used to obtain a 
40 reared polarized bearf modulated by the modula ing 
device, it is possible to pWnt the increase in temperature 
of the polarizing plate calsed by absorption of an unneces- 
sary polarized beam, a'nd to substantially simplify and 
45 miniaturize a cooling device for cooling the polarizing plate. 
Aliquid crystal device may be used as the modulating 

^Arcording to the above structure, an incident beam is 
initially separated into a plurality of intermediate beams and 
so the intermediate beams are finally superimposed on the 
modulating device. Therlfore, even if the hght distribution 
of the light emitted from the light source is very unbalanced 
in the cross section th reof, it is possible to obtain as 
illumination light polarjzed beams that are uniform in 
S5 brightness and lolor. Consequently, it is possib e to ach.eve 
a compact display apparatus capable of producing a display 
that is bright and uniform in brightness and color. 

A projection display apparatus in accordance wuhthe 
nresent invention comprises a light source, a first optical 
60 element for separating ajlight beam emitted from the hght 
source into a plurality [of intermediate beams, a second 
optical element disposed near the position where th« > inter-, 
mediate beams converge, a modulating devxec for modulat- 
ing a tight beam emitteS from the second optical element, 
65 and a projection optical lystem for projecting the tight beam 
modulated by the modulating device onto a projection plane 
wherein the second optical element has a condenser lens 
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BRIEF DESCRIPTION 


FIG. 1 is a schematic struct 
in a polarizing illumination 
embodiment of the present ir 

FIG. 2 is a perspecti 
according to the first em 

FIG. 3 is a perspective viev 
to the first embodiment of th< 


arrav that includes i plurality of condenser lenses for 
re^cKly ~ndensi ./the intermediate beams, a polam- 
ing^JaraUon eleme.t for spaually separating ; each of the 

pola^ation direction} of the other polarized beam and a 
supertaposing lens fc r superimposing the polarized ^beams 
Thf nXrizine separat Dn element has a polarizing separation 
i tie P and S polarized beams by trans- 

Almost hi parallel wdh the polarizing separation plane to 


OF THE DRAWINGS 


iral view of an optical syslei 
device according 


array according to the first 
invention. 

FIG. 5 is a view showing 
separation unit according 


first 


a perspective v lf w » . first optical element 
the first embodir lent of the present invention. 

of a shading plate according 
present invention. 


the first emocuiurcm »i r 

FIG 4 is a perspective view 3 f a polarizmg separation urn 
™ v ■ <=— embodiment of the present 


he operation of a polarizing 
the first embodiment of the 


,1 a shading plate according 
I embodiment of the present 


FIG. 6 is a perspective view 
to a first modification of the 

invention. I , .. 

FIG 7 is a perspective vie*! of a shading plate according 
to a second modification ofjhe first embodiment of the 
present invention. I 

FIG 8 is a perspective v>wk a polarizing separation unit 
r „ thirrfmodification of the first embodi- 
array according to a ttnra moquu^""" 
ment of the present inver"" 


el a condenser lens array 
l of the first embodiment of 


:ToaSp^^ toob r ar r k 

in he modulated rjytfieVnodulating device, it is possible to 
prevenT^intaself mperature of the polarizing ; plate 
caused by absorption It an unnecessary polanzed bea^and 30 
to substantially simptfy and reduce the size of a > cooling 
devS fa ^ cooling |e polarizing plate. A liquid crystal 

S may be used 1 the modulating device. principal part of an , °P^Jf™™* 

x a- „ t„ th e Ibove structure, an incident beam is accor ding to a second embodiment of the present ._ _ 
i^SS^JPS^S intermediate beams and 35 "ZL^ ^rizine iUumiiation device shown in FIG. 1 
me intermediate bejU are finauy superimposed -- • - 
.... -ra.,.f^ p.vcn if the intensity < 


FIG. 9 is a perspective v 
according to a fourth modificatlo 
the present invention. I 

FIG 10 is a perspective vievJ of a shading plate according, 
to rSh JSSn of the fil embodiment of the present 

Tg° u is a schematic structural view showing the 
princtl part of an optical sj« in a display apparatus 


the intermediate oeams are ui»»j — r— - . . 

display that is bright fnd uniform in bnghtness and color 
J_ ' ■ . j.—L.^r^^rah,^ further comprises a epic 


, which the polarizing lUumiifati 
is incorporated. 1 . 

FIG 12 is a schematic structural view showing he 
• ' i ,!„( an ootical system in a projection display 
K^SS^^-^odinLV the present 
KS." which the polfrizing illumination device 
<hown in FIG. 1 is incorporated. 

FIG 13 is a schematic sUtural view showing the 
H °' " optical system in a projectron display 


achieve a compact display apparaiua ^h™"- — r~- — ~° pjG. 13 is a schcbkilk. j-1„i.„ 

Suy m"is P bright6nd uniform in brightness and color. * of an Qptical system in a projecUon d*play 

The ejection display apparatus further comprises a color P J ^cording to a fourth embodiment of the present 

fern the second optical element into a P«yrf colored snown in FIG. 1 is incorporated, 
lights, a plurality of modulating devices for «*^™ y 


pScfeTonJthe projection plane through the projection 
opdea system. Sincejexclusive modulating devices can be 
Ptod respectively for more than two separated eo ored 


invention, in wmcn inc pui*.^, 
shown in FIG. 1 is incorporated. 

FIG 14 is a schematic structural view ' showing he 
• • , ,7„F »n notical system in a modification of the 

STtnfpre'sen? invention, in which the polanzmg 
Rumination device shown in BIG. 1 is incorporated. 

FIG 15 is a schematic structural view of a polanzmg 
opS system disclosed in Japanese Unexamined Patent 


Sa^ableofp^^ DETAI LED DESCRIPTlW 


Iwar^ms capable of r/rojecting and delaying a color image 
"bright and has! high color reproducibility and a high 

'Tn t^e above projecL display apparatus, the modulates 
device may be formed of a reflection-type hqu.d crysul 
device In general, thl reflection-type liquid crystal device 
pZaes the advantage of easUy obtaining a relatrvely high 
^mire ratio even ifipixel density is increased. Therefore, 
aperture makes oossible to achieve 


DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
Modes for carrying out the present invention will be 

«• /i„«^MiHinal direction 


Creased. Tnerefore, ^^^^^£S^ Taction, unless 

.X-tUiectionldisplay apparatus .capable of projecting es °"£^f t £ e ^potalLdS-n, °* ^^^ { 

and displaying a cof image that is bright and has a high asttes ^ized^ in any of me embodiment, of 

color reproducibuityjand a high resolution. >* j 


course, P polarized bean s 
embodiments that will |K 
have substantially the 
denoted by the same - 
omitted. 

Fin l 
a schematic 


_ m ay be obtained. Moreover, in the 
1 be described below, sections that 
same functions and structure are 
and a description thereof is 


nu nerals, ; 


FIG. li 


Embodiment 

nu. 1 is a *i. tlu . u . structural plan view of the principal 
nart of a polarizing illumination device according to a first 
*" . .. T plan view m lhe xz plane which 

passes tnrougn tne cenic of a first optical element 200 which 
will be described later. The polarizing illumination device 1 
of this embodiment generally comprises a light source 
section 10 and apolarizeH light generating device 20 that are 
arranged along a systematical axis L. light beams emitted 
from the light source section 10 and polarized in random 
directions (hereinafter referred to as randomly polarized 
beams) are converted by the polarized light generating 
device 20 into the saml type of polarized beams that are 
polarized in almost the 'same direction, and directed to an 
illumination region 90. I 

The light source section 10 generally comprises a light 
source lamp 101 and a parabolic reflector 102. Light radiated 
from the light source lamp is reflected by the parabolic 
reflector 102 in one direction, and made incident on the 
polarized light generating device 20 in the form of almost 
parallel light beams' Thef ight source section 10 is placed so 
ih.t , i;<rht ennrne Antica\xis R thereof is shifted in parallel 
i\is L by a required distance D in 
e a directum. \ 

The polarized light generating device 20 comprises a first 
-i • ->n« » second optical element 300. 


optical element 200 and « „~ — ~ — r 

The first optical element 200, as outwardly shown in FIG. 
2, includes a matrix of I plurality of beam splitting lenses 

201 each having a rectangular outline in the XY plane. The 
positional relationship between the light source section 10 
and the first optical element 200 is set so that the light source 
optical axis R aligns with the center of the first optical 
element 200. Light that is incident on the first optical 
element 200 is split into! a plurality of intermediate beams 

202 by each beam splitting lens 201, and simultaneously, the 
same number of condensed images 203 as that of the beam 
splitting lenses are formfed, by a condensing acuon of the 
beam splitting lenses, atfpositions in a plane (the XY plane 
in FIG. 1) perpendicular [to the system optical axis L, where 
the intermediate beams converge. The outline of each beam 
splitting lens 201 in the XY plane is set so that it is similar 
to that of the illumination" region 90. Since it is assumed that 
the illumination region irSthis embodiment extends laterally 
in the X direction in tbe[XY plane, the outline of the beam 
splitting lens 201 in the XY plane is also extended laterally. 

The second optical eltSnent 300 is a complex that gener- 
ally includes a condenserlens array 310, a shading plate 370, 
a polarizing separation urnt array 320, a selective phase plate 
380, and a superimposing lens 390, and is placed in a plane 
(the XY plane in FIG. 1) "perpendicular to the system optical 
axis L near the positions'where the condensed images 203 
are formed by the first ofitical element 200. When the light 
beams that are incident <fn the first optical element 200 are 
extremely parallel, the condenser lens array 310 doesnot 
have to be included inlthc second optical clement. The 
second optical element f300 operates to spatially separate 
each intermediate beam 202 into a P polarized beam and an 
S polarized beam, aligr& the polarization direction of one 
polarized beam and tha 1 ! of the other polarized beam, and 
directs the beams polaraed in substantially the same direc- 
tion to one point in melillumination region 90. 


The condenser lens array B10 has almost the same struc- 
ture as the first optical element 200, that is, it comprises a 
matrix of the same number fcf condenser lenses 311 as tha 
of the beam splitting lenses E01 of the first optical element 
s 200. The condenser lens arrsK' 310 operates to condense and 
direct each intermediate befm to a specific position in the 
polarizing separation unit aAay 320. Therefore, it is prefer- 
able to optimize the lens properties of the condenser lenses 
in accordance with the properties of the intermediate beams 
10 202 formed by the first optical element 200, and considering 
that the ideal placement of the principal ray of the light 
incident on the polarizing! separation unit array 320 is 
parallel with the system optical axis L. Generally, in con- 
sideration of cost reduction! and easy design of the optical 
1S system, an element entirely" identical with the first optical 
element 200 may be used & the condenser lens array 310, 
or a condenser lens array that includes condenser tenses 
similar in shape to the beam splitting lenses 201 in the XY 
plane may be used. Therefore, in this embodiment, the first 
, n optical element 200 is used[as the condenser lens array 310. 
The condenser lens array 310 may be placed apart from the 
shading plate 370 and the polarizing separation unit array 
320 (on the side close^crthe first optical element 200). 
The shading plate/370,%. outwardly shown in FIG. 3 
25 includes an array oft plurJby of shading surfaces 371 and 
a plurality of open sWel 3&2. The shading surfaces 371 
and the open surfaces 372 fare arranged in a manner corre- 
sponding to the arrangement of polarizing separation units 
330 which will be described later. Four broken lines parallel. 
30 with the X axis on the shading plate 370 in FIG. 3 are drawn 
to explain the correspondence to the polarizing separation 
unit array which will be described later. This also applies to 
a reflecting plate 373 shown in FIG. 6 and a light diffusing 
plate 376 shown in FIG. 7.fLight beams that are incident on 
35 the shading surfaces 3711 of the shading plate 370 are 
blocked, and light beams! that are incident on the open 
surfaces 372 pass through the shading plate 370 unchanged. 
Therefore, the shading platfe 370 operates to control the light 
beams in accordance with} the positions thereon where the 
40 light beams transmit, and the shading surfaces 371 and the 
open surfaces 372 are arranged so that the condensed images 
203 are respectively forme*d by the first optical element 200 
only on polarizing separation planes 331 of the polarizing 
separation units 330 which will be described later. A flat 
4 5 transparent member, such |s a glass plate, partially provided 
with opaque films made pf chrome, aluminum or similar 
materials as in this embodiment, an opaque flat plate, such 
as an aluminum plate, provided with open sections, and 
similar structures may bl used as the shading plate 370. 
50 Particularly, when opaque films are used, even if they are 
directly formed on the condenser lens array 310 or the 
polarizing separation unit array 320, which will be described 
later, it is possible to provide similar functions. 

The polarizing separation unit array 320, as outwardly 
55 shown in FIG. 4, includes a matrix of a plurality of polar- 
izing separation units 330. The polarizing separation units 
330 are arranged corresponding to the lens properties and 
arrangement of the beam splitting lenses 201 which form the 
first optical element 200. Since the first optical element 200 
60 include the concentric beam splitting lenses 201 which all 
have the same lens properties and are arranged in a rectan- 
gular matrix in this embodiment, the polarizing separation 
unit array 320 also includes all the same polarizing separa- 
tion units 320 which are arranged in the same direction and 
65 in a crossed matrix. When the polarizing separation units 
aligned in the Y-direction column are of all the same type, 
it is preferable that the polarizing separation unit array 320 
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include polarizing separation units which are long in the Y 
direction and are arranged in the X direction, which is 
advantageous in reducf g light losses at the ""erfaces 
between the polarizing separation units and in reducing the 
production cost of the pWarizing separation unit array. 

Each polarizing separation unit 330 is, as outwardly 
shown in FIG. 5, a memoir shaped like a quadrangular pnsm 
and provided with a polirizing separation plane 331 and a 
reflecting plane 332 therlin, and operates to spatially sepa- 
rate each intermediate light beam, that enters the polarizing io 
separation unit, into a P polarized beam and an S polarized 
beam. The outline of the polarizing separation unit 330 in the 
XY plane is similar to that of the beam splitting lens 201 in 
the XY plane, that is, it is shaped like a rectangle which is 
extended laterally. Therefore, the polarizing separation plane is 
331 and the reflecting plane 332 are placed so that they are 
arranged in the lateral "direction (the X direction). The 
polarizing separation plan'e 331 and the reflecting plane 332 
are placed so that the polarizing separation plane 331 
inclines at about 45° withlrespect to the system optical axis u 
L, the reflecting plane 332 is parallel to the polarizing 
separation plane 331. The! projection area of the po arizing 
separation plane 331 in trie XY plane (that is equal to the 
area of a P emergent surface 333 described later) and the 
projection area of the reflecting plane 332 in the XY plane 25 
(that is equal to the /Ge%>f an S emergent surface 334 
described later) are e&alj&each other. Therefore, in this 
embodiment, a width Wp^f \region in the XY plane where 
the polarizing separation plan* 331 exists and a width Wm 
of a region in the XY plan'e, where the reflecting plane 332 30 
exists, are equally set so tSat they are each half a width W 
of the polarizing separationW in the XY plane. In general, 
the polarizing separation [plane 331 may be made of a 
dielectric multilayer film, Mid the reflecting plane 332 may 
be made of a dielectric multilayer film or an aluminum film. 35 

light incident on the polarizing separation unit 330 is 
separated by the polarizing separation plane 331 into a P 
polarized beam 335 that transmits through the polarizing 
separation plane 331 without changing its direction of travel 
and an S polarized beam' 336 that is reflected by the « 
polarizing separation plane 331 and changes its direcuon of 
travel toward the adjoining reflecting plane 332. lhe f 
polarized beam 335 is emitted from the polarizing separation 
unit through the P emergentfsurf ace 333 unchanged, and die 
S polarized beam 336 again 'changes its direction of travel at 45 
the reflecting plane 332, an| is emitted from the polarizing • 
separation unit through the S emergent surface 334 substan- 
tially parallel with the P polarized beam 335. Therefore, 
randomly polarized beams incident on the polarizing sepa- 
ration unit 330 are separated into two types of polarized 50 
beams polarized in different directions, the P polarized beam 
335 and the S polarized bearS 336, and are emitted substan- 
tially the same direction from different sections of the 
polarizing separation unit (trie P emergent surface 333 and 
The S emergent surface 334).5ince the polarizing separation 55 
unit has the above-mentioned functions, it is necessary to 
lead each intermediate bea!n 202 to the region of the 
polarizing separation unit 330 where the polarizing separa- 
tion plane 331 exists. Accordingly, the positional relation- 
ship between each polarizing* separation unit 330 and each 60 
condenser lens 311 and the le'ns properties of the condenser 
lens 311 are set so that the [intermediate beam enters the 
center of the polarizing separation plane in the polarizing 
separation unit. Particularlyjin this embodiment, the con- 
denser lens array 310 is plakd offset from the polarizing 65 
separation unit array 320 by a distance D, which corresponds 
to V. of the width W of the polarizing separation unit, in the 


always necessary t 
separation units as basic e 
separation units are discuf 


X direction so that the clnter axis of each condenser lens 
aligns with the center of the polarizing separation plane 331 
in each polarizing separation unit 330. 

Any polarizing separation unit array may be used as long 
as the above-mentioned [polarizing separation planes and 
reflecting planes are regiflarly formed therein, and it is not 
--•the above-mentioned polarizing 
onstituents. Herein, the polarizing 
separation units are discussed as constituents only to explain 
the function of the polarfeing separation unit array. 

Description will be majle again with reference to FIG. 1. 
The shading plate 370[is interposed between the polariz- 
ing separation unit array 320 and the condenser lens array 
310 so that the center If each open surface 372 of the 
shading plate 370 is substantially aligned with the center of 
the polarizing separation kane 331 of each polarizing sepa- 
ration unit 330 The operfing width of the open surface 37.2 
(the opening width in thlx direction) is set about half the 
width W of the polarizing separation unit 330. As ^a resuU, 
since intermediate beanfe are previously blocked by the 
shading surface 371 ofttfe shading plate 370, there are few 
beams that directly/m%he reflecting plane 332 without 
passing through thfpollizing separation plane 331, and 
most of the light beam^pf %d through the open surface 372 
of the shading plate 370 Mr only the polarizing separation 
plane 331. Consequentlyfbecause of such placement of the 
shading plate 370, few light beams directly enter the reflect- 
ing planes 332 and enter the adjoining polarizing separation 
planes 331 through the reflecting planes 332 in the polanz-^ 
ing separation unit. I 

The selective phase plate 380, in which V2 phase plates 
381 are regularly arranged, is placed on the emergent side of 
the polarizing separation! unit array 320 That is, the W2 
phase plates 381 are respectively placed only at the P 
emergent surfaces 333 ofjthe polarizing separation units 330 
which form the polarizing separation unit array 320, and no 
XI2 phase plates 381 arefplaced at the S emergent surfaces 
334 (see FIG. 5). According to such an arrangement of the 
V2 phase plates 381, when P polarized beams emitted from 
' the polarizing separationlnits 330 respectively pass through 
the W2 phase plates 381,|they are converted into S polarized 
beams by a polarization] direction rotating action. On the 
other hand, since S polarized beams emitted from the S 
- emitting surfaces 334 4 not pass through the W phase 
' plates 381, they do not change their polarization direction 
and pass through the selective phase plate 380 unchanged. In 
summary, intermediate Seams polarized in random direc- 
tions are converted into polarized beams of the same type (in 
this case, the S polarized beams) by the polarizing separauon 
unit array 320 and the selective phase plate 380. 

The superimposing lei 390 is placed on the emitting side 
of the selective phase pl$e 380. The light beams, which are 
converted into the S pol£ized beams by the selective phase 
plate 380 are directed to the illumination region 90 by the 
superimposing lens 390 |nd superimposed on the illumina- 
tion region. The superimposing lens 390 is not hmued to a 
single lens member, and it may be an assembly of a plurality 
of lenses like the first optical element 200. 

To summarize the operations of the second optical ele- 
ment 300, the intermediate beams 202 separated by the lust 
optical element 200 (thkt is, image planes cut out by the 
beam splitting lenses 201) are superimposed on the lUurm- 
nation area 90 by the second optical element 300. At the 
same time, the intermediate beams, which are randomly 
polarized beams, are spatially separated into two types of 
polarized beams polarized in different directions by the 
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polarizing separation unit ~ 
converted into substantia^ 


fay 320 placed in the path, and 
type of polarized beams 

_u... „l,t» IfUi Since 


converted into suostanuauyi «uc ijf- i~» _» 
when they pass through the k lective phase plate 380- Since 
the shading plate 370 is plaled on the inciden side of the 
polarizing Lparauon unit airay 320 and the intermediate 
beams afe thereby allowed to enter only the polanzing 
separation planes 331 in the polarizing separation units 330 
few intermediate beams enV the polarizing separation 
olanes 331 through the reflecting planes 332, and therefore, 
ihe polarized beams emittedfeom the polarizing separation 
unit array 320 are limited to substantially one type_ 
Consequently, the illumination region 90 is uluminated 
substantially uniformly with ^substantially one type of polar- 
ized beams. 


different direction from mfcng into the a^mation 1 Ligbu 
As a method of optically integrating the shading plate 370 
wtth the light incident surLc of the .polarizing separaUon 
unit array 320, it is possible to stick the shading plate 370 to 
s Z Ught incident surface if the polarizmg separation urn, 
array 320 with an adhesivl layer, or to d.rectiy form the 
sh Jing surface, 371 ^^^St^ 
arSKS TanT^ethod of fixing the shading 
10 Plate 370 on the light incident surface of the polarizing 
^aration unit array 320. impossible to stick the peripheral 
Portion of the shading plate 370 on the peripheral portion o 
the Ught incident surface < f the polarizing separation unit 
array 320 by using a double-sided tape or similar dev._ce._In 


oul '— ' ' H arra y 320 by using a oouuic-siu^ »r ~ , 

converted into substantially olie type of polarized beams by 
the polarized light generating device 20 that includes toe 
first optical element 200 and the second optical element 300, 
and the illumination region 90 can be illuminated uniformly 
with the Ught beams polarfzed in the same °^cUon_ 
Moreover, since the process of generating the Pol»««J 
beams accompanies Utile los$ of Ught, almost all the Ught 

use efficiency. Furthermore, since the shading plate 370 is , mt array 320 are ^f<^ ™ t0 enhance illumination 

b- i^ssr^sts: see - 

, B . _r .u ,„„, ;™ M irnn is used as a device for • - 


'only has to be stuck at at least two points. In order to fix the 
shading plate 370 parallel with the light incident surface of 
Ae polarizing separation unit array 320, it is preferable to set 
a the Acting points so that t&ey are almost symmetrical with 
resect to toe center point |f the shading plate 370. 

Furthermore, the beam |pUtting lenses 201 which form 
the first optical element 200 each extend laterally in accor- 
dance with the shape oftfc illum.nauon region 90 tikea 
5 lateraUy extended rectan^ and at the same time, two types 

' . . . ' tmm the. nolariZ] 


reeion ?v. iuciciuh., vu-u,., — , — = . 

device of the present invention is used as a device for 
illuminating a modulating device that produces a display 
using polarized beams such as a Uquid crystal device, it is 
possible to obviate a polarizing plate which is convention- 
ally olaced on the side of the modulating device where the 
illuminauon light enters. Eve), if the polarizing plate « 
placed as is convenUonaUy doiie, since the amount of light 
absorbed by the polarizing plate is extremely — " - 
:ul» cihctantiallv reduce th 


In general, when Ught beams polarized m random direc- 
tions are merely separated into P polanzed beams and IS 
polarized beams, the overall width of the separated beams 
doubles, which increases thi size of the optical system. The 
pXii iUumination device of the present invention 
howe^, forms a pluraUty <k minute condensed images 203 
Through the first optical element 200, effecUvely uses the 
spaces produced in the formation process where no Ught 


aSed byTe polarizing plate is extremely small, it is ; * produced in the formation process where .« > ngm 
Sle to substamially reducS the size of a cooling device 40 ^ and respectively pla|es -flectuig »^ of 

thaYis needed to minimize heat! generation of the polarizing Ae polarizin g separation units 330 in the spaces, thereby 
Sate and the modulation deviif As mentioned above, the the lateral widening of ^eams^used by he 

stee of tiie condensed images 203 formed by the first optical into two types of[polarized beams. As a re^lUhe 

e^ment200°s influenced by toe parallelism of light beams J e ^ M of ^ beams does not mcrease, and a compact 
that enter the first optical elemeht (Ught beams emitted from 45 optical system can be achieved, 
the Ueht source in the illumination device). When parallel- ^ Modification of First Embodiment 

ism lTiow, since only a largt condensed image can be embodiment the shading surfaces 371 that 

formed, a large number of intermediate beams directly enter 37Q J be replaced with reflecting 

the reflecting planes without posing the ^arizxng «P™" ™™* tot reflecting Ught k almost toe opposite direct^ 
tion planes in the polarizing sepVrat.on units and therefore 50 P£> ^ ^ 373 lhat includes a plurality of 

a phenomenon in which other beams polarized in a dnTerent • 3?4 ^ | plura u, y of open surfaces 375, 

direction mix into the uluminWon beams a >newt«bto. ™ ^ ^ adopted o{ ^ 

Accordingly, the structure of the polarizing «U«««««»t»n as sbo ^ ^ imem ^ rcfleclmg surfa ces 

device ofThe present invention has a great effect, particularly P we ^ ^ Qf & muUllayer film, 

in adopting a Ught source for emitting light beams having 55 ^Tjeacne ^ ^ _ ^ ^ rpflectivitv such as 

low paraUelism in the apparatus 


low parauelism in uic appaia^o. 

In this embodiment, the condenser lens array 310, the 
shading plate 370, the polarizing separation unit array 320, 
tiie selective phase plate 380, >nd the emergent-side lens 
390, which form the second optical element 300, are opti- < 
callv integrated, so that Ught jlosses caused at interfaces 
therebetween are reduced, and' the Ught use efficiency is 
further enhanced. Although it .'is not always necessary o 
opticaUy integrate these optical elements, it is preferab e to 
Really integrate or fix the shading plate 370 on the Ught 
incident surface of the polarizing separation unit array 320 
in order to effectively prevent^other beams polanzed in a 


e first embodiment, inc icuti.uii B — 
74 each can easily be formed of a dielectric multilayer film, 
thin film made of metal having high reflectivity, such as 
silver or aluminum, or a| combination thereof, and an 
extremely high reflectivity]* more than ninety Percent can 
bf obtained depending on fee type of the filn^Even the 
reflecting surfaces 374 are directly formed on the condenser 
lens array 310 or the polarizing separation unit array 32U 
shown in FIG. 1, similar functions are provided. 

As opposed to the shading surfaces 371, the reflecting 
surfaces 374 hardly absorb Ught. Therefore the adoption of 
the reflecting plate 373 cat prevent peripheral optical ele- 
ments from being thermally influenced by heat generation 
thereof. In addition, the light reflected by the reflecting 


o 
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surfaces 374 and reflected Hy the parabolic reflector 102 
placed in the light source sec don 10, can make enter again 
into the polarized light generating device 20 and lead into 
the open sections 375 of the eflecting plate 373. Then it is 
possible to efficiently use th : light from the light source 
without waste. 

Second Modification of Fi st Embodiment 
In the first embodiment, e&n if the shading surfaces for 
• ■ ■ -1 replaced with light diffusing 


forming the shading plate aia ...... « 6 — = 

surfaces for diffusing light, a most the same advantages as 
■ i u.. .u. ,k.vt.-nr, nirfar-p«ran henrovided.That 


those obtained by the shading 
is, in the first embodiment, a 
includes an arrangement of 
surfaces 377 and a plurality o 


airfares can be provided. That 
light diffusing plate 376 that 
i plurality of light diffusing 
! open surfaces 378, as shown 


rfaces 377 and a plurality o open suiui« <~ 
in FIG. 7, may be adopted insjead of the shading plate 370. 
Since light incident on the light diffusing surface 377 is 
diffused, it is possible to substantially reduce the intensity of 
light that directly enters the reflecting plane without passing 
through the polarizing separation plane of the polarizing 
separation unit, and to effectively prevent a phenomenon in 
which other beams polarized ifi a different direction mix into 
illuminating beams including Substantially the same type of 
polarized beams that are pol|rized in the same direction. 
Each light diffusing surface 377 can easily be realized by 
forming a light diffusing meciber on or inside a fiat trans- 
parent substrate, .making thi surface of the transparent 
substrate uneven, or merely roughening the surface thereof. 
Even if the light diffusing surfaces 377 are directly formed 
on the condenser lens array; 3111 or the polarizing separation 3o 
unit array 320 shown in KW, similar functions can be 
provided. I \ 

Adopting the light diffusing plate 376 makes it possible to 
reduce the costs compared wifb adopting the shading plate 
370 and the reflecting plate 37 ( 3 using dielectric multilayer 3J 
films, metal thin fdms, or similar materials. 
Third Modification of First Embodiment 
Although the shading plate 370, the reflecting plate 373 
and the light diffusing plate 376 in the first embodiment and 
the above-mentioned first and second modifications are each 41 
an optical element that is physically independent from the 
condenser lens array 310 and the polarizing separation unit 
array 320 located in front and in the rear thereof, even if the 
shading surfaces 371 for forming the shading plate 370, the 
reflecting surfaces 374 for forrhing the reflecting plate 373, 4 
or the light diffusing surfaces 377 for forming the light 
diffusing plate 376 are directlyfformed on the light incident 
surfaces of the polarizing separation units 330 for forming 
the polarizing separation unit array 320, the same advan- 
tages as those obtained in the xke of these optical elements < 
can be obtained. H 

This modification will be ^specifically described with 
reference to FIG. 8. In a polarizing separauon unit array 
320A whose outward appearance is shown in FIG. 8, shad- 
ing surfaces 321 are directlyS formed on light incident 
surfaces of polarizing separatioS units 330A which fonnttw 
polarizing separation unit array 320A, and regions 322 
where no shading surfaces arq formed correspond to the 
open surfaces 372 of the above-mentioned shading plate 370 
for transmitting light therethrough. When the pplanzmg 
separation unit array 320A having the shading surfaces 321 
directly formed thereon is used as in this modification, since 
there is no need to use the shading plate 370 as a physically 
independent optical element, it is possible to reduce the size 
and cost of the second optical element. Of course, reflecting 
surfaces or light diffusing surfaces may be directly formed 
on the polarizing separation units 330A instead of the 
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shading surfaces 321, andjthis situation provides the same 
advantages as those of thil modification. 
Fourth Modification of First Embodiment 
Although the shading plate 370, the reflecting plate 373 
and the light diffusing platf 376 in the first embodiment and 
the above-mentioned first lad second modifications are each 
an optical element that is [physically independent from the 
condenser lens array 310 fad the polarizing separation unit 
array 320 located in front ind in the rear thereof, even if the 
° shading surfaces 371 for farming the shading plate 370 the 
reflecting surfaces 373 forfforming the reflecting plate 373, 
or the light diffusing surfaces 374 for forming the light 
diffusing plate 376 are dfrectly formed on the condenser 
lenses 311 for forming the condenser lens array 310, the 
— — — the use C"f these optical elements 


le advantages a; 

in be obtained. 


„„. -.e directly formed 
311A for forming the cond 
light is emitted, and regioi 
are formed correspond u 
above-mentioned shading 


This modification will be specifically described with 
reference to FIG. 9. In a condenser lens array 310A whose 
outward appearance is shown in FIG. 9, shading surfaces 

— •• — - <• -j on surfaces of condenser lenses 

nser lens array 310A from which 
s 313 where no shading surfaces 
the open surfaces 372 of the 
above-mentioned shading plate 370 for transmitting light 
therethrough. When the condenser lens array 310A having 
the shading surfaces 312 oWtly formed thereon is used as 
in this modification, sincelhere is no need to use the shading 
plate 370 as a physically fijdependent optical element, it is 
possible to reduce the~siz|\and cost of the second optical 
element. Of course, reflating surfaces or fight chffusmg 
surfaces may be directly formed on the condenser lenses 
311A instead of the shading surfaces 312 of this 
modification, and this caseWovides the same advantages as 
those of this modifications In this modification, if the con- 
denser lens array 310A is* placed spatially apart from the 
polarizing separation unit array and the selective phase plate 
That are other optical elements for forming the second optical 
element, it is possible to prevent the optical elements from 
being influenced by hcatf generation resulting from light 
' absorption by the shading^ surfaces, the reflecting surfaces, 
and the light diffusing surfaces. 

Fifth Modification of First Embodiment 
Although a flat transparent member like a glass plate is 
< partially provided with opaque films made of chrome, 
aluminum, or similar material in the shading plate 370 of the 
first embodiment, an opaqfie flat plate such as an aluminum 
plate may be provided with open sections. 
This modification willj be specifically described with 
0 reference to FIG. 10. In a shading plate 370A whose outward 
appearance is shown in FIG. 10, an opaque flat plate 371A 
is provided with open sections 372A. When the shading 
plate 370A is fixed on the light incident surface of the 
polarizing separation unitfarray 320 in order to effectively 
S5 prevent other beams polarized in a different direction from 
mixing into the illumination light, two sticking points 379a 
and 379b on the peripberaBsection of the shading plate 371A 
are fixed on the light incident surface of the polarizing 
separauon unit array 320 with double-sided tapes. Since the 
60 sticking points 379a and 379b are positioned so that they are 
almost symmetrical with respect to the center point of the 
shading plate 370A, the shading plate 370Ais allowed to be 
fixed in parallel with the fight incident surface of the 
polarizing separation unitiarray 320. 
65 When the shading plate 370A having the opaque flat plate 
371A, such as an aluminum plate, provided with the open 
sections 372A is used as In this modification, i' » ~«< ™* 


to reduce the costs compared' with the shading plate 370 in 
which a flat transparent nember, such as a glass plate, is 
partially provided with opaque films made of chrome, 
aluminum, or similar ma erial. 

Secoc 1 Embodiment 
A description will bi given of a direct-view display 
apparatus in which the pblarizing illumination device 1 of 
the first embodiment is incorporated. In this embodiment, a 
transmission-type hquidtrvstal device is used as a modu- 
lating device for modulating light beams emitted from the 
polarizing illumination device according to display infor- 


m FIG 11 is a schematic structural view showing the ^ 
principal part of an opticfl system of a display apparatus 2 
according to this embodiment, and shows the sectional 
structure in the XZ planl. The display apparatus 2 of this 
embodiment roughly comprises the polarizing illumination 
device 1 shown described]"! the first embodiment, a reflect- ^ 
ing mirror 510, and a liqfiid crystal device 520. 

The polarizing illumination device 1 has a light source 
section 10 for emitting ifndomly polarized beams in one 
direction, and the randomly polarized beams emitted from 
the light source section ?0 are converted into substantially . 
the same type of polar&ed beams by a polarized light 
generating device-20. Thl reflecting mirror 510 turns the 
ticnl travelling directionlof the polarized beams emiUed 
■fom the polarizing nlurf&ation device 1 by about 90 The 
liquid crystal device 520 iSSlluminated with substantially the 
same type of polarizeKeW Polarizing plates 521 are 
placed in front of and beh>\the liquid crystal device 520. 
A light diffusing plate (no* shown) may be placed before the 
liquid crystal device 520 f&n the side of the reflecting mirror 
510) for the purpose of improving the angle of view. 

The display apparatus 2 having such a structure employs 
a liquid crystal device for modulating the same type of 
polarized beams. Therefore, if randomly polarized beams 
are directed to the liquid crystal device by using a conven- 
tional illumination deviceiabout half the randomly polarized 
beams are absorbed by thl polarizing plates 521 and turned 
into heat, whereby the light use efficiency is low. The display 
apparatus 2 of this embodiment, however, substantiaUy 
improves such a problem! 

In the polarizing Ulumination device 1 of the display 
apparatus 2 according to this embodiment, only one type of 
polarized beams, for example, P polarized beams ^e sub- 
jected to a rotatory polarization action by the M2 phase 
plate, and the polarization Erection thereof is made identical 
with that of the other typefof polarized beams, for example, 
S polarized beams. Since* substantially the same type of 
polarized beams, which arl polarized in the same direction 
are directed to the liquid Jrystal device 520, the amount of 
light to be absorbed by the polarizing plates 521 is extremely 
small, which makes it possible to enhance me use efficiency 
of the source light, and to 1 thereby obtain a bright display 

S Varticularly, in the polaLing Mumination device 1 used 
as an illumination device* since the shading plate 37U is 
placed inside the second optical element 300, other polar- 
Led beams which are unnecessary for display on the liquid 
crystal device rarely mix ifito the mumination light emitted 
from the polarizing illumination device 1. As a result, the 
amount of light absorbed $y the polarizing plate 521 placed 
on the light incident side of the liquid crystal device 520 is 
extremely small, and therefore, the amount of heat generated 
in light absorption is extremely small. Consequently, it is 


nossible to omit a coolinfe device for minimizing the 
LcreaS in temperature of le polarizing plate 521 and the 
liquid crystal device 520, orlto substantially reduce the size 
of the cooling device even £f such omission is impossible. 
' Third Embodiment 

A description will be given of a first example of a 
projection display apparatus^ which the polarizing lUumi- 
nation device 1 described in the first embodiment is uicor- 
t° porated. In this embodiment, a transmission-type liquid 
costal device is used as a mldulating device for modulating 
light beams emitted from thj polarizing illumination device 
according to display information. 

FIG 12 is a schematic] structural view showing the 
15 principal part of an optical system of a projection j disp ay 
apparatus 3 according to th|s embodiment, and shows he 
sectional structure in the x| plane. The projection display 
apparatus 3 of this embodiment generally «mp«« the 
polarizing illumination delice 1 described in the first 
20 embodiment, a colored light separating means or separating 
a white light beam into three colored Ugh s th ee 
transmission-type liquid crystal devices for modulating the 
colored lights according to display information and thereby 
M forming display images, a cflored light synthesizing , means 


forfoZm7a^l^rtaIge b} synmelizing the three colored 
lights, and a projection optical system for projecting and 
displaying the color imagTtv 

The polarizing illumfn ati&n device 1 of this embodiment 
has a light source sectioV*0|or emitting randomly polarized 
beams in one direction, andlthe randomly polarized beams 
emitted from the light source section 10 are converted into 
substantiaUy the same type [of polarized beams by a polar- 
ized light generating device, 20. 

First the red light of the fight emitted from the polarizing 
illumination device 1 transmits through a blue-green reflect- 
ing dichroic mirror 401 serving as the colored light sepa- 
rating means, and the blue* light and the green light are 
reflected. The red light is reflected by a reflecting mi™ ^403 
,0 and reaches a liquid crystalTdevice 411 for red hg^ On te 
40 other hand, the green light of the brae and green hghte >s 
reflected by a green reflecting dichroic mirror 402 that also 
serves as the colored light separating means, and reaches a 
liquid crystal device 412 fdr green light. 
« Since the blue light haslthe longest optical path of the 
coloredlights, a light guide jtens 43C I formed o a relay lens 
system comprising an incident lens ,431 a relay lens 432 
and an emergent lens 433 isfprovided for the blue light That 
is after transmitting through the green reflecting dichroic 
so mirror 402 and the incident lens 431, the blue light is first 
reflected by a reflecting mirror 435 and directed to and 
focused onto the relay lens 432. After being focused onto the 
relay lens, the blue light is directed to the emergent lens 433 
bv a reflecting mirror 436, ifnd then, reaches a liquid crystal 
55 device 413 for blue light, ffhe liquid crystal devices 411, 
412 and 413 located at three positions respectively modu- 
late the colored lights so lhat the colored lights contain 
corresponding image information and make ^ modulated 
colored lights enter a crossed dichroic pnsm 450 serving as 
so the colored light synthesizing means. The crossed dichroic 
prism 450 incudes a dielectic multilayer film for reflecting 
red light and a dielectric mliltilayer film for reflecting blue 
hi which are crossed in tit form of X, and synthesizes the 
modulated light beams, tbekby forming a color image. The 
65 color image formed thereirJis enlarged and projected onto a 
screen 470 by a projection!^ 460 serving as the projection 
optical system, so that a projection image is formed. 
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The projection display apparatus 3 having such a structure 
employs the liquid crystal < evices each for modulating one 
type of polarized beam. T lerefore, if randomly polanzed 
beams are directed to the iquid crystal device by using a 
conventional illumination ievice, about half of them are 
absorbed by a polarizing plkte (not shown) and turned into 
heat. Therefore, the light uie efficiency is low, and there is 
a need for a large and noist cooling device for minimizing 
heat generation of the polaiizing plate. The projection dis- 
play apparatus 3 of this embodiment, however, substantially 
improves such problems. J 

In the polarizing illumination device 1 of the projection 
display apparatus 3 according to this embodiment, only one 
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even if the projection leJs system has a relatively small 
aperture it is possible to akhieve a bright projection image. 
Still furthermore, though dnly one of the three optical paths 
of the colored lights is different in length from the others, 
since the light guide mekns 430 formed of a relay lens 
system comprising the incident lens 431, the relay lens 432, 
and the emergent lens 433 is provided for the blue light 
having the longest optiqVl path, no color inconsistency 
arises. I 

The projection display Apparatus may comprise a mirror 
optical system using two] dichroic mirrors as the colored 
light synthesizing means. Of course, it is also possible in that 
case to incorporate the polarizing illumination device of this 
embodiment, and to fornS a high-quality bright projection 


plate, and the polarization dik<*i°° th«eof is made identical embodiment, 
with that of the other type o'f polarized beam, for example, 
an S polarized beam. Sincejsubstantially the same type of 
polarized beams, which are polarized in the same direction, 
are directed to the liquid crystal devices 411, 412, and 413 
located at three positions, Ihi amount of light to be absorbed 
by the polarizing plate is extremely small, which makes it 
possible to enhance the light use efficiency, and to thereby 

obtain a bright projection image. . _ 

Particularly, in the polarizing illumination device 1 used information. \J\ 
as an illumtoMion- device, jince the shading plate 370 is FIG. 13 is a schematic Wtor. P 1 ™ ™ 

placed inside the second optical element 300, other polar- cip al part of an opticaf System in a projecuon disp ay 
izld beams which are unnecessary for display on the liquid apparatus 4 of this embodiment. The projection disp ay_ 
"stalT^ely m" mt|Tmummat*n Ught emitted apparatus 4 of this embodiment generaUy 
y. . . . J ■„ ,:_„*.;„„ j™„ 1 Ac a resulL the 30 nnbrizina illumination device 1 of the first embodiment, a 


Fourth Embodiment 
Another embodiment of a projection display apparatus in 
> which the polarizing illumination device 1 described in the 
first embodiment is incofeorated will be described. In this 
embodiment, reflection-type liquid crystal devices are used 
as modulating devices for modulating light beams emitted 
from the polarizing illumination device according to display 


from the polarizing illumination device 1. As a result, the 
amount of light absorbed bylpolarizing plates (not shown) 
respectively placed on the light incident sides of the liquid 
crystal devices 411, 412, and|413 located at three positions 


polarizing illumination d p _ 

polarizing beam splitter 480, a crossed dichroic pnsm 450 
doubling as the colored light separation means and the 
colored light synthesizing means, three reflection-type liquid 


Z "^^Z^^A^X^'^^ot heat gen- crystal devices 414, 415 and 416 serving * ^ n^nlating 

Lted Tlight absorption is eWmely small. Consequently, 35 devices, and a projection lens 460 serving as the projection 

it is possible to substantially! reduce the size of a cooling optical system. 

device for minimizing the increase in temperature of the n, e polarizing illumination device 1 has a hght source 

polarizing plates and the liquid crystal devices. As men- ^ion 10 for emitting Randomly polanzed beams in one 

tioned above, a small coolingfdevice will do for a projecUon direction, and the randomly polanzed beams emitted trom 

display apparatus capable of displaying a considerably w ^ Ugh t source section 10 are converted roto substantially 

bright projection image with a considerably high-power the same type of polarizfd beams (S polarized beams m this 

Ught source lamp, which makes it possible to reduce noise embodiment) by a polarized light generating device 20. 

of the cooling device, and to thereby achieve a quiet and ^ light b6ams cm i t ted from the polarizing illumination 

high-performance projection 'display apparatus. 4J device x enter into the polarizing beam splitter 480, and are 

Furthermore, the polarizing illumination device 1 spa- reflected by a polarizing separation plane 481 Then, the 

tiallv separates two types of polarized beams in the lateral traveling direction of theilight beams is changed by approxi- 

direction (the X direction) by the second optical element ma tely 90'. Tnen, theilight beams enter the adjoimng 

300 Therefore the polarizing'illumination device 1 does not crossed dichroic pnsm|450. Although most or tne iigni 

waste the Ught and is convenient for illuminating a liquid J0 beams emitted from the polarizing illumination device 1 are 

Accordingly, it is possible to achieve a bright projection The S polarized beaks that are incident 
image without using a projection lens system having a small 60 dichroic prism 450 are*) separated 
F-number and an extremely large aperture, and to thereby ~* ™< •» ««« 


achieve a compact projection display apparatus. 

Since the crossed dichroic prism 450 is used as the 
colored light synthesizing means in this embodiment, it is 
possible to reduce the size of the apparatus. Furthermore, e 
since the optical paths between the liquid crystal devices 
411, 412, and 413, and the projection lens system are short, 


the crossed 

iui<- jji^u i—r three light beams of 

'green! "and blue by the crossed dichroic prism 450 in 

accordance with the wayelength, and the Ught beams respec- 
tively reach the reflection Uquid crystal device 414 for red 
Ught, the reflection liqiuid crystal device 415 for green Ught, 
and the reflection Uqiiid crystal device 416 for blue Ught, 
thereby illuminating the Uquid crystal devices. That is, the 
crossed dichroic prism 450 acts as the colored Ught separa- 


